The model reduction methods based on the modal analysis approach offer such an important advantage that the inherent dynamic characteristics in the original system are successfully retained in the reduced models.
model reduction techniques represented by Davison method, Marshall method, and the method of steady state approximation of fast mode state variable are not only simple but convenient for practical use. To demonstrate the applicability of these three model reduction techniques, the dynamic characteristics of the twelfth-order linearized model for a binary distillation column are investigated to compare with those of second-order reduced models.
Three Simple Model Reduction Techniques Davison method2) is based on the assumption that the insignificant eigenvalues of the original system can be neglected and thus only the dominant eigenvalues of the original system are retained in the reduced model. The well knownshortcoming of this method is that the reduced model usually shows an incorrect steady state. This shortcoming has been corrected by Chidambara^whose method is proved to be identical to Marshall method. In Marshall method55, the original system is reduced to a lower-order model by neglecting the dynamics of the fast mode modal variables but by retaining the dominant eigenvalues of the orginal system in the reduced model. This approach offers the advantage of simplicity and zero steady-state error in the reduced model. Wilson Another simple method for reducing the higherorder original system to a lower-order model is performed by using the notion of steady-state approximation of fast mode state variables. Though the model reduction process by this method, which is often used in the dynamic analysis of chemical processes, is as simple as the Davison and Marshall methods, the eigenvalues of the original system are not retained in the reduced model but the dynamics of the reduced model is directly related to the steady-state characteristics of the original system.
Numerical Examples
Three simple model reduction methods explained in the previous section are applied to determining the reduced dynamic models of a binary distillation column for which the following assumptions are made : 1) ideal stage for each tray and reboiler; 2) equimolar flow rates of liquid and vapor in both the enriching and stripping sections;
3 and (2) is reduced to second-order simplified models based on the three simple model reduction methods explained in the previous section. The mathematical details of the reduction procedure are explained separately6}. In such a case as shown in the second Table 1 Eigenvalues of the twelfth-order original system described by Eqs.
(1) and (2) and its second-order reduced models column of Table 1 , where the first two dominant eigenvalues and the remaining ten indominant eigenvalues in the original system are clearly distinguished, the reduction process may be safely performed by any method. In fact, there are no appreciable differences in the dynamic characteristics between the original twelfth-order system and its second-order reduced models determined by the three methods. On the other hand, there must be more or less appreciable differences in dynamic characteristics not only between the original system and each of the reduced models but also between the reduced models themselves when there exist no overwhelmingly dominant eignevalues in the original system. In such a case as shownin the first column of Table 1 the first two eigenvalues cannot be considered to be overwhelmingly dominant in comparison with the other ten eigenvalues.
The step response characteristics of the second-order reduced models determined by the three methods are compared with those of the twelfth-order original system for the case shown in the first column of Table 1 . Twoexamples of these comparisons are shown in Figs. 1 and 2 , in which SSAis the abbreviation for the term "steady state approximation of fast mode state variables". As obviously shown in these two figures, the step response characteristics of the reduced models based on Marshall and SSAmethods are muchcloser to those of the original system than those based on Davison method. A series of model reductions for the binary distillation column of 4 to 10 trays have confirmed that Marshall method usually leads to much more satisfactory results to the other two methods regardless of the size of the dimension of the original system. By increasing the dimension of the original system, the step response characteristics of the reduced models based on SSAmethod come nearer to those based on Marshall method, which approach more closely the step response characteristics of the original system. On the other hand, the Davison method, which has the inherent shortcoming of leading to an incorrect steady state, has been found to yield the most unfavorable step response characteristics even in the transient state. 
